Measurements. Primary feather measurements were taken from specimens of
Confuciusornis in the Bayerische Staatssammlung für Palaeontologie und Geologie (Munich, BSP) and the Naturmuseum Senckenberg (Frankfurt, SMF). Lengths of longest complete primaries were recorded alongside rachis diameters, measured at the base of feather shafts. Scaling equations (S1) and a comprehensive set of Confuciusornis limb bone measurements (S2) (N = 106) were used to generate a body mass estimate for this fossil bird (0.500 kg). The maximum primary feather length and rachis diameter of the Munich specimen of Archaeopteryx (A. bavarica; BSP 1999 I 50) were also measured and the body mass of this fossil bird estimated as 0.276 kg (S3). There is no evidence that flattening during preservation has influenced the rachis diameters of either Confuciusornis or Archaeopteryx; in any case, flattening of feathers would increase apparent shaft diameters and increase any estimates of feather strength. All data means are presented as ± standard error, and estimates for wing length were calculated as the sum of the wing-bones and primary feather lengths. Scaling equations presented by Worcester (S4) for a sample of living birds were used to compare the feather lengths and rachis diameters relative to body mass of Archaeopteryx and Confuciusornis to extant birds (Fig. 1B) . Similarly, the relationship between feather length and rachis diameter determined by Worcester (S4) was used to assess the morphology of Archaeopteryx and Confuciusornis feathers (Fig. 1C) .
Calculating the buckling strength of the feather shaft. The critical buckling moment required to cause local buckling failure was calculated from Euler-Bernoulli beam theory
where the constant K was given a value of 1, E is the Young's modulus of feather keratin, r is the mean radius of the feather cross section, t is mean wall thickness, and ν is Poisson's ratio. Because the estimate of cortical thickness (t) is fundamental to feather strength, a second approach was used to provide an upper-bound. A thin-walled cylinder is one in which the thickness of the wall is < 10% of the radius. Above this the equation
(1) for a thin-walled cylinder does not work, because failure due to excessive moment arms is no longer due to buckling alone but a combination of buckling and tensile failure.
Consequently, modelling thick-walled cylinder stresses is prone to error. Therefore, the primary feathers of Confuciusornis and Archaeopteryx were also modelled as a solid keratin rod and the critical bending moment to cause tensile failure was calculated using
where y is the radius of the feather shaft, σ t is the failure stress of feather keratin when loaded in tension, and I the second moment of area which for a circular cross section is calculated from the diameter (φ) as
Calculating lift forces upon the primary feather. When calculating lift using an elliptical distribution, the circulation at any point along the wingspan (b) is as follows
where ! " is circulation, ! " 0 is the circulation at the wing root, and y is a point along b starting at the wing root. Because the circulation, and therefore the lift, is greatest at the wing roots (nearest the body mid-line) and reduces to zero at the wing tips, the forces on the primaries are much less using an elliptical distribution than if a constant lift distribution across the wing is assumed. The lift on one wing (L wing ) is proportional to the area under the quarter ellipse curve, which is defined as
where A 
This moment required for sustaining level flight was then compared to the critical buckling moment calculated from rachis morphology.
